The study of intracellular enzyme systems of bacteria necessitates disintegration of the cells. Methods of disintegration ranging from simple grinding to complicated presses were reviewed by Hugo (1954) and Gunsalus (1955) . The technique of extracting enzymes from cells is not standardized, and there is a paucity of data for evaluating the efficiency of the various methods. The purpose of the work reported herein was to determine the amount and activity of the proteolytic enzymes extracted from cells disintegrated by commonly used methods.
The study of intracellular enzyme systems of bacteria necessitates disintegration of the cells. Methods of disintegration ranging from simple grinding to complicated presses were reviewed by Hugo (1954) and Gunsalus (1955) . The technique of extracting enzymes from cells is not standardized, and there is a paucity of data for evaluating the efficiency of the various methods. The purpose of the work reported herein was to determine the amount and activity of the proteolytic enzymes extracted from cells disintegrated by commonly used methods.
MATERIALS AND METHODS
Growth and harvesting of cells. The organisms used in this work were Bacillus subtilis, Pseudomonas putrefaciens, and Streptococcus durans. Cultures of B. subtilis and P. putrefaciens were grown at 36 and 26 C, respectively, with continuous agitation. S. durans was grown at 32 C in a still culture. The organisms were grown for 24 hr in sterile Trypticase Soy Broth. At the end of incubation, the cells were harvested in a Servall refrigerated (0 to 5 C) centrifuge operated at 7,700 X g for 30 min. The packed cells were suspended, washed in normal saline (0.9% NaCl), and centrifuged two or more times until a clear supernatant fluid was obtained.
Methods of disintegration. The packed cells were stored at 4 C in 4-g portions, either as recovered or suspended in 20 ml of sterile deionized water. Sub-1 Michigan Agricultural Experiment Station Journal Article No. 3678. sequently, the portions of cells were subjected to the methods of disintegration described below.
(i) Sonic treatment. A 20-ml amount of the cell suspension was put in a special adapter or in a 50-ml beaker and was placed in a mixture of alcohol and ice sufficient to maintain a maximal temperature of -10 C. Dry Ice was added to this mixture occasionally to maintain a sufficiently low temperature to prevent loss of enzyme activity by heat generated during sonic treatment. The Sonifier (model L575; Branson Instrument, Inc., Stamford, Conn.) was operated at 7 to 9 amp for 10 min with each batch of cells.
(ii) Grinding. A 4-g amount of the cells was mixed with approximately 5 volumes of washed and sterilized sand. The mixture was ground for about 15 min in a cold room at 4 to 5 C.
(iii) Freezing and thawing. A 20-ml amount of the cell suspension was placed in a 100-ml container and stored at -23 C until completely frozen. The sample was then placed at 25 C until completely thawed. The complete cycle was repeated 10 times with a total elapsed time of 24 to 36 hr.
(iv) Acetone-powder. A 20-ml portion of the cell suspension was added slowly to 200 ml of cold acetone (-10 C or below) with constant stirring. The cells were then removed by vacuum filtration with a Biichner funnel, aseptically transferred to a watch glass, and dried in a desiccator for 24 hr. The dried cells were ground and mixed with 20 ml of sterilized deionized water.
(v) Toluene. A 10-ml amount of toluene was added to 20 ml of the cell suspension in a 100-ml container. The mixture was incubated in water baths at 37 C for 15 min and then at 45 C for an additional 15 min with frequent agitation.
Separation of the supernatant fluid from the cellular material. After the cells had been subjected to the above methods of disintegration, the unbroken cells and cellular debris were sedimented in a Servall centrifuge operated at 20,000 X g for 30 min in a room refrigerated at 4 to 5 C. The supernatant liquid from each sample was made up to a volume of 20 ml by adding sterilized deionized water. The supernatant fractions were maintained at 4 C until used, usually within 12 to 14 hr. The sediment was discarded. Preparation of the substrate. Casein prepared by the ultracentrifugal method of Von Hippel and Waugh (1955) was used as the substrate. A 5% solution was prepared, sterilized, and adjusted to pH 7.0. Antibiotics were added to give a final concentration of 1 unit of penicillin per ml and 0.5;pg of streptomycin per ml. A 5-ml amount of the enzyme extract obtained as described above was added to 50 ml of the casein, and the mixture was incubated at 32 C for 5 days. Samples for analysis were removed initially and at 24-hr intervals.
Determination of tyrosine and protein. A 1-ml amount of the enzyme-substrate mixture was added to 5 ml of a 10% solution of trichloroacetic acid. The precipitate was removed by centrifugation and filtration. The supernatant liquid was neutralized to pH 7.0, and the nonprotein nitrogen expressed as tyrosine was determined by the Lowry et al. (1951) Table 1 show the amount of protein in the supernatant liquid containing the intracellular proteases.
The data in Table 2 show the amount of tyrosine liberated from casein by the action of intracellular proteases extracted from B. subtilis, P. putrefaciens, and S. durans.
The difference in the amount of protein released from the 4-g quantities of packed cells by the various methods of disintegration used to produce the enzvme preparations was substantial. The relative proteolytic activity of these enzyme preparations was calculated in terms of specific activity designated as micrograms of tyrosine released from the substrate per milligram of protein in the enzyme preparation (Table 3) .
The data presented in Tables 1, 2, The enzyme extracts obtained by the grinding and sonic methods produced the greatest amount of tyrosine from the substrate with all three organisms used (Table 2) . However, when specific activities (micrograms of tyrosine liberated per milligram of the protein extract added) were calculated (Table 3) , extracts obtained with the acetone-powder method showed the greatest amount of specific activity with all three organisms studied. The extract obtained from sonically disrupted cells showed the least activity per milligram of protein. The low specific activity of the extract from the sonically treated cells may be caused by (i) more complete disintegration of the cells, thus releasing more nonenzyme protein along with the enzyme, or (ii) partial denaturation of the enzyme. During sonic treatment, the cell suspensions were adequately refrigerated to protect against denaturation by the heat produced by the sound waves. More logically, denaturation may have resulted from other factors, such as chain scission, breaking of hydrogen bonds, oxidation of sulfhydryl groups, or detrimental chemical reactions between air and water. Davidson and Rosett (1963) and Hughes and Nyborg (1962) 
